& 


AD-A192  883  ~ 


DOCUMENTATION  PAGE 


—  - - ws;m  0  419881P 


1$.  0£CLASSifiCA»iO.V*  OOWNGftRpi’'  |SCH£OUU£ 
NA  W 


|  ib.  restrictive  markings  £ 

|  J.  DISTRIBUTION!  AVAILABILITY  Of  report 


Distribution  Unlimited 


5.  MONITORING  ORGANIZATION  REPORT  NUMBER(S) 


64.  name  op  performing  ORGANIZATION 

University  of  Wisconsin-Madisoi 


6c.  AOORESS  (Cry.  Srjrt.  prxi  ZIPCoce) 

School  of  Veterinary  Medicine 
2015  Linden  Drive-West 
Madison,  WI  53706 


"Si.  NAME  OP  FUNO.NG I  SPONSORING 
ORGANIZATION 

Office  of  Naval  Research 


8c  ADDRESS  (Cry.  Scjte.ina  ZIP  Coat! 

800  N.  Quincy  Street 
Arlington,  VA  22217-SOuO 


11  TITLE  (include  Security  Clissincitiani 

Contributions  of  interleukin-1  to  nonspecific  antibacterial  resistance 


SB.  OFFICE  SYMBOL 
(If  ipphable) 
ONR 


7a.  NAME  OF  MONITORING  ORGANIZATION 

Office  of  Naval  Research 


7b.  AOORESS  (Cry,  Srare.  end  ZIP  Code) 
800  N.  Quincy  Street 
Arlington,  VA  22217-5000 


9.  PROCUREMENT  INSTRUMENT  IDENTIFICATION  NUMBER 
N00014-87-K-0318 


10  SOURCE  OF  FUNDING  NUMBERS 


PROJECT 

TASK 

WORK  UNIT 

NO. 

NO. 

ACCESSION  NO. 

RR04108 

4414712 

12.  PERSONAL  AUTHOR(S) 

Czuprynski,  Charles  J. 


13a.  TYPE  OF  REPORT  1 3b.  TIME  COVERED  _  _  1 14.  DATE  OF  REPORT  (Year,  Month,  OeyJ  15.  PAGE  COUNT 

Annual  FRQm3->7-87  to  3-26-88  3-26-88  10 


COSAT1  COOES 


GROUP  I  SU3-GROUP 


18.  SUBJECT  TERMS  (Continue  on  reverse  if  necessity  ana  identity  py  block  number) 
Key  Words  -  interleukin-1,  bactaria,  resistance 
inflammation,  immunology,  cytokine 


19-^ABSTRACT  (Continue  on  reverse  it  necessity  and  identify  by  black  numoer ) 

"The  purpose  of  this  project  was  to  examine  the  Influence  of  parenteral  administration  of 
Interleukin-1,  a  cytokine  with  diverse  biological  activities,  on  antibacterial  resistance 
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minute  quantities  (0. 1-1.0  ng  per  mouse)  of  lnterleukln-1  resulted  In  a  rapid  Influx  of 
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with  Indomethacln,  an  Inhibitor  of  prostaglandin  synthesis.  We  also  observed  a  small  but 
significant  Increase  In  the  number  of  inflammatory  macrophages  at  later  tlmepolnts.  We 
went  on  to  show  that  prophylactic  or  concomitant  administration  of  lnterleukln-1  (0.17  ug 
per, mouse)  significantly  enhanced  the  resistance  of  recipient  mice  to  a  challenge 
Infection  with  the  facultative  Intracellular  pathogen  Listeria  monocytogenes .  Protection 
was  not  caused  by  contaminating  bacterial  llpopolysaccharlde.  Inter)eukin-1  mediated 
protection  was  associated  with  a  rapid  burst  of  serum  colony— stimulating  activity.. 
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Subsequent  experiments  indicated  that  recombinant  human  interleukin-1  had 
similar  ability’ to  enhance  anti-listeria  resistance.  Enhanced  resistance 
occurs  in  mice  of  either  listeria-resistant  or  listeria-susceptible 
phenotype.  'Administration  of  recombinant  human  interleukin-1  or 
recombinant  murine  interferon-r  induces  a  similar  enhancement  of 
anti -listeria  resistance.  Although  combined  administration  of 
interleukin-1  and  interferon-r  had  a  slight  additive  effect  on 
anti-1  isteria  resistance  at  the  time  of  the  peak  bacterial  burden,  In 
general  the  resistance  engendered  by  both  cytokines  in  combination  was 
similar  to  that  induced  by  either  cytokine  alone. 


□  □ 


A  long-term  Interest  of  this  laboratory  has  been  the  Investigation  of  the 
contributions  of  Inflammation  to  antibacterial  resistance.  These  studies  have 
utilized  a  mouse  mode  of  Infection  with  the  facultative  Intracellular  pathogen 
Listeria  monocytogenes .  Earlier  work  from  this  and  other  laboratories 
suggested  that  the  ability  of  the  host  to  mobilize  adequate  numbers  of 
Inflammatory  neutrophils  and  macrophages  to  foci  of  Infection  where  these 
cells  could  Ingest  and  kill  llsterlae  (8,9)  was  a  major  component  of  both 
genetically-determined  Innate  resistance  (13,14)  and  Immunologlcally  acquired 
enhanced  resistance  (8,12,14)  to  listeria  infection.  These  observations  led 
to  our  Interest  In  specific  Inflammatory  mediators  that  might  be  Involved  In 
these  host  responses.  Interleukln-1  Is  a  cytokine,  known  to  be  produced  by 
listeria-infected  macrophages,  with  a  plethora  a  biological  activities  that  In 
general  are  pro-inflammatory.  Although  at  the  time  this  study  was  Initiated 
various  Investigators  had  suggested  a  beneficial  role  for  lnterleukln-1  In 
host  defense,  direct  evidence  for  this  had  not  been  provided. 

The  overall  objective  of  this  project  has  been  to  Investigate  the 
contributions  of  lnterleukln-1  to  Inflammation  and  antibacterial  resistance 
In  vivo.  Three  areas  of  research  were  addressed:  1)  the  ability  of 
lnterleukln-1  to  recruit  Inflammatory  phagocytes  In.  vivo;  2)  the  ability  of 
lnterleukln-1  to  protect  mice  against  bacterial  Infection;  and  3)  Interactions 
between  lnterleukln-1  and  other  cytokines  In  the  host  response  to  bacterial 
Infection.  Initial  experiments  were  performed  using  purified  human 
lnterleukln-1  that  was  purchased  from  a  commercial  source.  All  subsequent 
experiments  were  performed  with  recombinant  murine  and  human  Interleukin-la 
that  was  generously  provided  by  Or.  Peter  Lomedlco  at  Hoffmann-La  Roche 
(Nutley,  NJ). 

Report  of  Progress  Year  1 

Ability  of  lnterleukln-1  to  recruit  Inflammatory  phagocytes  In  vivo 


Our  Initial  objective  was  to  examine  the  ability  of  lnterleukln-1  to 
recruit  Inflammatory  peritoneal  neutrophils  and  macrophages  in  vivo.  This 
work,  which  has  been  published  (1),  used  both  purified  human  and  recombinant 
murine  Interleukin-la.  Similar  results  were  obtained  with  both  products. 

In  summary,  Intraperltoneal  Injection  of  small  amounts  of  lnterleukln-1  (1-10 
LAF  units,  0. 2-2.0  ng)  resulted  in  a  rapid  (peak  at  4-20  hours)  Influx  of 
inflammatory  neutrophils  (Fig.  1)  followed  later  (60-72  hours)  by  a  small  but 
significant  Increase  In  the  number  of  Inflammatory  macrophages  (Fig.  2). 
Neither  cyclooxygenase  ( Indomethaclnl  nor  llpooxygenase  (N0GA)  inhibitors 
blocked  the  IL-1  mediated  Influx  of  neutrophils,  suggesting  that  local  release 
of  arachldonate  metabolles  may  not  be  required  for  this  response.  When  tested 
in  vitro  using  the  under-agarose  migration  assay,  r IL-1  was  observed  to  be  at 
best  weakly  chemotactlc  at  ratner  high  concentrations  (1000  units  per  well). 
This  observation,  and  those  of  others,  leads  us  to  believe  that  the 
phagocyte-recruiting  activity  of  IL-1  In  vivo  may  result  from  the  induced 
release  of  other  mediators  by  cells  in  the  local  environment,  rather  than  from 
establishment  of  a  directly  chemotactlc  gradient  of  IL-1. 


Effects  of  IL-1  on  antibacterial  resistance 

We  next  asked  whether  administration  of  recombinant  murine  IL-1<*  would 
enhance  the  resistance  of  mice  to  bacterial  challenge.  This  work  has  been 
published  (2).  Injection  of  mice  with  graded  doses  of  rIL-la  Indicated  that 
approximately  1000  units  of  rIL-1  (0.2  ug)  significantly  enhanced  the  resistance  of 
mice  to  L.  monocytogenes  Infection  (Fig.  3).  The  best  results  were  obtained  when 
the  r IL-1  and  L.  monocytogenes  were  Injected  via  the  same  route  (l.v.  or  l.p.). 
Maximal  protection  was  achieved  when  the  mice  received  the  r IL-1  concomitant  with 
(l.v.  route)  or  48  hours  before  (l.p.  route)  the  L.  monocytogenes  was  Injected 
(Fig.  4).  This  protective  response  was  not  the  result  of  contaminating  bacterial 
endotoxin  In  the  rIL-la. 

Effects  of  IL-1  on  the  host  response  to  bacterial  Infection 


In  work  that  has  been  published  (3),  we  next  examined  the  effects  of  r IL-1 
administration  on  the  course  of  the  host  response  to  L.  monocytogenes  Infection. 

Ojr  results  Indicated  that  there  was  a  24-48  hour  time-lag  between  administration 
of  rIL-1  and  evidence  of  enhanced  resistance  by  the  listeria-infected  recipients  as 
measured  by  clearance  cf  llsterlae  from  the  spleen  and  liver  (Fig.  5). 

Hlstopathological  examination  of  tissues  from  rIL-1  treated  and  control 
listeria-infected  mice  Indicated  that  substantially  less  damage  to  the  spleen, 
liver  and  other  organs  occurred  In  mice  that  received  rIL-la.  We  do  not  believe 
that  the  beneficial  effects  observed  were  directly  mediated  by  the  r IL-1  that  was 
administered.  Rather,  we  think  It  more  likely  that  Injection  of  rIL-1  modifies  the 
normal  Immunoregulatory  cascade  to  accelerate  or  augment  the  protective  host 
response.  Such  a  mechanism  would  likely  be  reflected  In  detectable  changes  In  the 
levels  of  other  cytokines  that  are  released  during  the  host  response  to  Infection. 
Obviously,  the  possible  routes  by  which  r IL-1  might  have  such  an  effect  are 
myriad.  We  have  succeeded,  through  collaboration  with  Dr.  Karen  young,  In 
examining  the  Influence  of  rIL-1  administration  on  circulating  levels  of  colony- 
stimulating  activity  (CSA),  a  family  of  cytokines  that  may  be  associated  with 
antl-llsterla  resistance.  We  have  observed  an  early  (4  hour)  significant  elevation 
In  CSA  In  the  sera  of  rIL-la  treated  listeria-infected  mice  (Table  1).  It  Is 
possible  that  this  early  burst  of  CSA  might  promote  antl-llsterla  resistance  by 
Increasing  the  production  and  release  of  phagocytes  from  the  bone  marrow,  and 
perhaps  by  stimulating  the  activity  of  mature  phagocytes  as  well. 

Influence  of  genetically  determined  antl-llsterla  resistance  on  responsiveness  to  r IL-1 

If  biological  response  modifiers  such  as  IL-1  are  to  become  clinically 
useful.  It  Is  Important  that  they  wor^  In  Individuals  whose  genetic  background 
may  make  them  somewhat  less  resistant  to  various  pathogens.  Innate  resistance 
to  L.  monocytogenes  Is  documented  to  be  principally  regulated  by  the  autosomal 
incompletely  dominant  He  locus  on  mouse  chromosome  2.  Because  all  our  previous 
experiments  were  performed  using  the  relatively  resistant  BDF1  mouse 
strain,  we  decided  to  compare  the  effects  of  rIL-1  on  the  antl-llsterla 
resistance  of  mouse  strains  of  resistant  (C57BL/6)  and  susceptible  (A/J, 

C8A/J,  BALB/c)  phenotypes.  All  strains  tested  demonstrated  at  least  a  1.0 
log1Q  Increase  In  resistance  In  response  to  rIL-1.  This  work,  which  has 
been  submitted  for  publication  (4),  suggests  that  Immunotherapy  with  IL-1  may 
not  be  limited  by  the  Innate  resistance  of  the  recipient,  although  minor 
differences  In  the  level  of  protection  evoked  by  rIL-1  were  observed.  We  also 
have  observed  some  enhancement  of  antl-llsterla  resistance  In  r IL-1  treated 
nude  mice,  thus  suggesting  that  the  presence  of  a  mature  thymus  may  not  be 
requisite  for  some  of  the  beneficial  effects  of  rIL-1  on  host  defense  (5). 
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Separate  and  combined  effects  of  rIL-1  and  rIFN-V  on  antibacterial  resistance 
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Previous  studies  have  suggested  that  endogenous  release  of  IFN-y  Is  required 
for  clearance  of  llsterlae  from  Infected  mice,  and  that  administration  of  high 
doses  of  exogenous  rlFN-r  elevated  antl-llsterla  resistance.  We  were  Interested 
In  determining  whether  combined  administration  of  rlL-1  and  rlFN-y  might  have 
additive  or  synergistic  effects  on  the  expression  cf  antl-llsterla  resistance.  If 
this  occurred  It  might  Indicate  that  rIL-1  and  rlFN-y  Influence  antl-llsterla 
resistance  via  distinct  Immunoregulatory  pathways.  Our  results,  which  have  been 
submitted  for  publication  (6),  Indicated  several  points.  The  first  was  that  human 
rll-la,  which  was  used  In  these  experiments,  has  an  ability  to  enhance 
antl-llsterla  resistance  that  Is  comparable  In  magnitude,  and  In  the  dose  of  rIL-1 
required,  to  what  we  previously  reported  for  murine  rIL-1.  We  also  observed  that 
administration  of  rlFN-y  (1000-5000  units)  substantially  enhanced  antl-llsterla 
resistance.  Although  a  slightly  additive  effect  of  rIL-1  and  rlfN-y  was  observed 
under  some  experimental  conditions.  In  general  the  protection  afforded  by  rIL-1  and 
rlFN-y  alone  or  In  combination  were  virtually  Identical  (Fig.  6).  Although  these 
experiments  did  not  Indicate  any  obvious  benefits  of  combined  administration  of 
rIL-1  and  rlFN-y,  we  believe  that  any  eventual  clinical  applications  of  cytokines 
will  Involve  administration  of  cytokine  "cocktails"  that  contain  two  or  more 
cytokines  with  synergistic  or  complementary  modes  of  action.  Experiments  are 
planned  that  will  examine  the  possible  Interactions  between  IL-1  and  other  likely 
candidates  for  Increasing  host  defense  such  as  lnterleukln-2  and  tumor  necrosis 
factor. 

Related  studies  not  funded  by  the  Office  of  Naval  Research 

Various  other  projects  In  this  laboratory  are  addressing  experimental  problems 
related  to  the  work  described  above.  We  are  utilizing  the  murine  listeriosis  model 
for  examining  the  in  situ  contribution  of  L3T4+  and  LYT2+  T  cell  populations  to 
antl-llsterla  resistance.  This  Is  done  by  treating  mice  In  vivo  with  purified 
monoclonal  antibodies  directed  against  the  T  cell  population  of  Interest  before 
challenging  these  mice  with  L.  monocytogenes .  Our  results  Indicate  that  ant1-L3T4 
treatment  significantly  impairs  the  resistance  of  mice  to  L.  monocytogenes  as 
demonstrated  by  retarded  clearance  of  llsterlae  from  the  spleen  and  liver  and 
Increased  severity  of  damage  to  the  liver  and  other  organs  (7).  Ant1-L3T4  treated 
mice  failed  to  develop  delayed  type  hypersensHI vlty  to  listeria  antigens  In  vivo, 
and  their  lymphocytes  proliferated  poorly,  and  failed  to  produce  IFN-y,  In 
response  to  mitogens  and  antigens,  In  vitro.  Despite  this  profound  decrease  In 
lymphocyte  function,  ant1-L3T4  treated  mice  succeeded  In  clearing  the  Initial 
L.  monocytogenes  Infection  and  they  exhibited  a  modest  Increase  In  resistance  to 
re-challenge  L.  monocytogenes,  although  to  a  much  less  extent  that  did  control 
listeria-immunized  mice.  In  the  future  we  hope  to  determine  whether  administration 
of  IL-1  or  other  cytokines  might  repair  the  defect  In  antl-llsterla  resistance  of 
ant1-L3T4  treated  mice. 

Our  laboratory  Is  also  Involved  In  studies  of  IL-1  and  other  cytokines  In  a 
large  animal  (bovine)  system.  A  student  In  the  laboratory  has  succeeded  In 
purifying  bovine  IL-1  from  In  vitro  stimulated  monocytes.  More  Importantly,  he  has 
shown  a  substantial  species  preference  (100-1000  fold  less  LAF  units)  of  bovine 
thymocytes  and  fibroblasts  for  bovine  IL-1  over  human  or  murine  recombinant  IL-1. 
This  observation  has  been  confirmed  Independently  by  Industrial  Investigators  using 
recombinant  bovine  IL-1  (P.  Baker,  personal  communication). 
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We  also  are  Investigating  the  Influence  of  various  cytokines  on  bovine 
neutrophil  function  in  vitro.  Preliminary  results  suggest  that  recombinant 
human  IL-1  and  purified  natural  bovine  IL-1  both  elicit  a  weak  oxidative  burst 
by  bovine  neutrophils  and  prime  them  for  a  substantially  elevated  oxidative 
response  to  a  second  stimulus  such  as  opsonized  zymosan. 

Relevance  of  the  work  performed  ' id  future  goals 

The  results  of  our  efforts  on  our  ONR  sponsored  research  has  resulted  In 
several  publications,  In  competitive  Journals,  which  are  among  the  first 
reports  of  the  beneficial  effects  of  the  administration  of  IL-1  on  host 
defense.  We  have  also  provided  evidence  for  the  ability  of  IL-1  to  modulate 
the  Immunoregulatory  cytokine  network  that  occurs  during  the  host  response  to 
bacterial  Infection.  In  the  coming  year  we  hope  to  Investigate  these 
Immunoregulatory  interactions  In  greater  detail.  These  studies  will  be 
performed  at  several  levels.  1)  As  Indicated  above,  we  plan  on  Investigating 
the  possible  benefits  of  combining  IL-1  with  other  cytokines;  2)  We  hope  to 
delineate  further  the  cascade  of  cytokine  activities  (by  bioassays  and 
Immunoassays  for  the  secreted  peptides)  that  result  from  r IL-1  mediated 
enhancement  of  antibacterial  reslscance;  3)  We  Intend  to  utilize  cDNA  probes 
for  IL-1  and  other  cytokines  to  demonstrate  transcription  of  genes  for  various 
cytokines  during  bacterial  Infection. 
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FIG.  3  Effect  of  i.v.  (A)  or  i.p.  (B)  injection  of  graded  doses  (I 
to  1.000  U)  of  r!L-lot  on  amilisieria  resistance.  Mice  received  rlL-la 
concomitant  with  (A)  or  4  h  before  (B)  challenge  with  2  x  10 4  f.. 
monocytogenes.  Mice  were  killed  72  h  later,  and  the  number  of 
viable  L.  monocytogenes  per  spleen  was  determined.  Results  are 
expressed  as  the  mean  -  SEM  log10  L.  monocytogenes  per  spleen 
(four  mice  per  groupi. 
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FIG.  *<•  Effects  of  timing  between  rlL-la  administration  and  L. 
monocytogenes  challenge  on  antilisteria  resistance.  Mice  received 
1.000  U  ot  rIL-lu  i.v,  or  i.p.  at  the  time  points  indicated  (from  2  days 
before  to  2  days  alter)  in  relation  tc  the  L.  monocytogenes  chal¬ 
lenge.  Mice  were  killed  72  h  after  challenge,  and  the  number  of 
viable  L.  monocytogenes  per  spleen  was  determined.  Results  are 
expressed  as  the  mean  *  SEM  logm  L.  monocytogenes  pgr  spleen 
(four  mice  per  groupi. 
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Figure  Effects  CJTffL-  ’a  on  the  course  of  a  primary  subkthal  L  mon¬ 
ocytogenes  Liiection.  Mice  were  concomitantly  lnjecied  i.v.  with  ICOJ  U  ri> 
la  and  2  x  104  L.  monocytogene*  In  0.2  ml  pyrc^n-frrt  saline:  control 
mice  received  L  monocytogene*  alone-  Mice  were  killed  at  vane  a*  time* 
after  infection  and  the  lo<?,0  viable  L.  monocytogenes  per  spleen  iA)  and  liver 
18)  «u  detenrined.  The  aata  rxnnt  at  day  0  indicate*  the  number  of  L. 
monocytogene*  recovered  ar  4  h  alter  infection.  Result*  expressed  are  the 
mean  r  SF.M  of  four  mice  per  time  point. 


TABLE! 

GSA  In  sera  from  mice  at  parlous  time  pent*  qfter  they  mere  Injected 
to.  urtfft  1000  U  rfL'la  and  L.  monocytogene*  or  L.  monocyogencs  akin 


Time  after 
Injection 

Mean  s 

3EM  Colter* 

Percentage*  of  Cotanie** 

riL-le  ♦ 
Usoma 

Usttvia 

alone 

rtL-U  ♦ 

Ustena 

alo.w 

4  h 

65  t  6 

14  e  l 

83 

IS 

l  dav 

41  =  2 

ai  =  4 

53 

104 

a  dav* 

50  =  4 

74  =  4 

68 

100 

4  dav* 

2S  -  2 

43  s  3 

34 

so 

7  dav* 

4  =  I 

7  r  2 

3 
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•  Mean  r  SE.V  of  three  to  live  separate  cultures.  Eone  marrow  cells  fro 
C57BL6  mice  were  cultured  unde**  soft  a^ar  with  0.1  ml  of  a  1/3  dllutic 
of  the  indicated  sera  in  a  total  volume  of  1.0  mi  for  7  day*  at  37*C.  Gra; 
uiocyre- macrophage  colonies  were  defined  as  aggregates  of  >50  ceils. 

•  Mean  percentage  of  colonies  obtained  as  compared  with  a  positive  co- 
trol  of  WEHI-C.V  Contains  1L-3.  see  Materials  and  Meitiodsl  Actual  colom 
obtained  for  controls  were  7  S  =  3  for  WEHI-CM.  5  r  l  for  normal  sera,  ar 
none  for  medium  alone. 
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